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e POOMA 2.1
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O Example: scalar advection

® Particles
o Example: particle-in-cell

® 21vs R1
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® Detalls of POOMA 2.1 features
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POOMA

® Parallel Object-Oriented Methods and Applications
o C++ classlibrary for computational science applications

e POOMA R1
o Fieds, particles, Cartesian meshes, operators, parale 1/0, PAWS
m (Encapsulated) message-passing
O Example uses
m Beneath Tecolote framework in Blanca Project
m Accelerator physics Grand Challenge

® POOMA 2

O Redesign, reimplement from scratch

m SMARTS thread-based paralelism
O http://ww. acl .l anl.gov/pooma

m Tutorials, Presentations (these slides)
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Project 2.1

® Recover most POOMA R1 capabilities
® Build on POOMA 2.0.x Array
o Map {indices} ¥ ® value

(I, 15 ..., 1) Ya® vaue

|

Dim

tenplate<int DDm class T, class Engi neTag>

cl ass Array;
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POOMA 2.1
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Fi el d Class
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Tensor <3, doubl e>
Vect or <2, doubl e>

tenpl at e<cl ass Geonetry, class T, class Engl neTag>

cl ass Field:

| 3

Brick
Mul ti Pat ch<Gri dTag, Conpressi bl eBrick>
Fi el dSt enci | Engi ne<>
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Fi el d Class (cont’d)
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tenpl at e<cl ass Geonetry, class T, class Engl neTag>

cl ass Fi el d;
A 4
Di screteGeonetry<Cel |, Rectilinear Mesh<3> >
Di scret eGeonet r y<FaceRCTag<0>, Rectilinear Mesh<2>

\

t enpl at e<cl ass Centering, class Mesh>
class D screteGeonetry;

tenplate<int DDm class Coordi nateSystem class T>
cl ass Rectili near Mesh;
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T=0

Example: Scalar Advection

= 40

0.8

f>_.<j0.6
E(x,t)° vu(x,t), 2‘2‘ -
solution u(X,t)=u(X- vt,0) o DN KL AL
0 10
(st - u )/(2dt) = - div{vu’, )
—-V (u|+1j k = ulrjl,j,k)/(ZdX)_ e X

Uu = uPrev -

2*dt *di v<Cel | >(v*u)
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Scal ar Advecti on. cpp (1/6)

#i ncl ude " Poona/ Fi el ds. h"
int main(int argc, char *argv[])
{

Pooma: :initialize(argc,argv); // Set up the |ibrary

/|l Create the physical Donains
const int Dm = 1; [/ Dinmensionality
const int nVerts = 129;
const int nCells = nVerts - 1;
| nt erval <Di n» vert exDomai n;
for (int d=0;, d<Dm d++) {
vertexDomai n[d] = Interval <1>(nVerts);
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Scal ar Advecti on. cpp (2/6)

/| Create the (uniform logically rectilinear) nesh.
Vector<Di nm» origin(0.0), spacings(0.2);

t ypedef Uni fornRectilinear Mesh<Di n» Mesh t;

Mesh t nmesh(vertexDonmain, origin, spacings),;

/] Create two geonetry objects, one with 1 guard |ayer for
/[l stencil wdth; one with none for tenporaries:

typedef DiscreteCGeonetry<Cell, Mesh t> Geonetry t;
Geonetry t geon(nesh, CGuardLayers<Dinr(1));

Geonetry t geomNE nesh) ;
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Scal ar Advecti on. cpp (3/6)

/| Create the Fields:

/] The flow Field u(x,t):

Fi el d<Geonetry t> u(geon;

/] The same, stored at the previous tinestep for staggered
/] leapfrog plus a useful tenporary:

Fi el d<Geonetry t> uPrev(geomNG, uTenp(geomNG ;

/'l Initialize Field to zero everywhere, even gl obal guard | ayers:
u.all () = 0.0;

/] Set up periodic boundary conditions on all nmesh faces:
u. addBoundar yCondi ti ons(Al | Peri odi cFaceB(());
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Scal ar Advecti on. cpp (4/6)

[/ Initial condition u(x,0), symetric pulse about nCell s/ 4:

const doubl e pul seWdth = spaci ngs(0)*nCell s/ 8;
Loc<Di n» pul seCent er;
for (int d =0;, d <Dm d++)

{ pul seCenter[d] = Loc<l>(nCells/4); }

Vector<Di m> u0 = u. x(pul seCenter);
u = exp(-dot(u.x() - u0, u.x() - u0) / (2.0 * pulsewWdth));

[l Qutput the initial field on its physical donain:
std::cout << "Tinme = 0:\n" << u() << std::endl;

const Vector<Di n» v(0.2); /| Propagation velocity
const double dt = 0.1; [l Timestep
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Scal ar Advecti on. cpp (5/6)

[/ Prime the leapfrog frominitial conditions:
uPrev = u;

/] Prelimnary forward Eul er tinestep, using canned POOVA

/'l stencil-based operator div() for the spatial difference:

u-=dt * div<Cell>(v * u);

/] Staggered | eapfrog tinestepping. Spatial derivative is
/] again canned POOVA operator div():
for (int tinestep = 2; tinmestep <= 1000; tinestep++)
{
uTenmp = u;
u=uPrev - 2.0 * dt * div<Cell>(v * u);
uPrev = uTenp;
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Scal ar Advecti on. cpp (6/6)

Pooma: : finalize();
return O;

}
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Parti cl es Class

t enpl at e<cl ass PTraits> class Particl es;

@ Container of particle attributes:

o Specia 1D array type alows insertion/deletion of e ements
t enpl at e<cl ass T, class Engi neTag> Dynam cArray,

o PTrai t s defines
m Engi neTag for attributes
m Particle layout type for multi-patch Dynam cArr ays

Uni f or nLayout Spati al Layout

© ° | Patch0,1,2,3
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Example: Particle-In-Cdll

Particlesof chargeqin electricfield E(X)
Positions, velocities{x;,v; :i =1,...N}

v, _ g =
= E(x)

% :vi
at

dt

® E discretizedonmeshaski el d (Cel | centering)

O Interpolate to particle positions
m Nearest-grid-point formula

X X X X
X XY | X X
X X X =X

Los Alamos National Laboratory
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Pl C. cpp (1/9)

/] Traits class for Particles object
tenpl ate <cl ass MeshType, class FL>
class CPTraits

{
public:
/'l The type of engine to use in the attributes
typedef Multi Patch<GidTag, Brick> Attri buteEngi neTag t;
/[l The type of particle |ayout to use
t ypedef Spati al Layout <Di screteGeonetry<Cell, MeshType>,
Particl eLayout t;
}

Los Alamos National Laboratory
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Pl C. cpp (2/9)

/] Particles subclass with position, velocity, E-field
tenpl ate <cl ass PT>

cl ass ChargedParticles : public Particl es<PT>
{

public:
/| Typedefs
t ypedef Particl es<PT> Base t;
t ypedef typenane Base t::AttributeEngi neTag_ t Engi neTag _t;
t ypedef typenane Base t::ParticlelLayout t Particl eLayout t;
t ypedef typenane Particl eLayout t::AxisType_t Axi sType_t;

t ypedef typenane Particl eLayout t:: PointType t Poi nt Type_t;

Los Alamos National Laboratory
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Pl C. cpp (3/9)

/] Constructor: set up |ayouts, register attributes
ChargedParticl es(const ParticlelLayout t &pl, double gqm = 1.0)
Particl es<PT>(pl), qgmi gm)

addAttri bute(R); // Position
addAttribute(V); // Velocity
addAttribute(E); // Local electric Field value

}

/'l Position, velocity, local E attributes (as public nenbers)
Dynam cArray<Poi nt Type t, EngineTag t> R
Dynam cArray<Poi nt Type_t, EngineTag t> V,
Dynam cArray<Poi nt Type t, Engi neTag t> E;

double gqm // Charge-to-ness ratio; sane for all particles
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Pl C. cpp (4/9)

[/ NMain simulation routine
int main(int argc, char *argv[])
{
Pooma: :initialize(argc, argv); // Set up the [ibrary
| nf or m out ( NULL, 0) ; /| Thread-0 output stream

/] Create the physical Donains:
const int Dm = 2; // Dinmensionality
const int nVerts = 201,
const int nCells = nVerts - 1;
| nt erval <Di > vert exDomai n;
for (int d =0, d <Dmnm d++) {
vertexDomai n[d] = Interval <1>(nVerts);

Los Alamos National Laboratory
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Pl C. cpp (5/9)

t ypedef Uni fornRectili near Mesh<Di nm> Mesh t;
Mesh_ t nesh(vert exDomai n);

t ypedef DiscreteCGeonetry<Cell, Mesh t> Geonetry t;
Geonetry_t geonetry(nesh);

t ypedef Multi Pat ch<Uni formlag, Brick> Engi neTag_t;

t ypedef Uni fornGi dLayout <Di n» FLayout t;

Loc<Di n» pat ches(4);

FLayout t flayout (geonetry. physical Domai n(), patches);

Fi el d<Geonetry t, Vector<Di n», EngineTag t>
E(geonetry, flayout);

double EO = 0.01 * nCells; double pi = acos(-1.0);
E=E0 * sin(2.0*pi * E. . x().conp(0) / nCells);

Los Alamos National Laboratory




Pl C. cpp (6/9)

t ypedef CPTraits<Mesh t, FLayout t> PTraits t;
PTraits t::ParticlelLayout t |ayout(geonetry, flayout);

t ypedef ChargedParticl es<PTraits t> Particles t;
Particles t P(layout, 1.0);

Particles t::PointType t |lower(0.0), upper(nCells);
Peri odi cBC<Particles t::PointType t> bc(l ower, upper);
P. addBoundar yCondi ti on(P. R, bc);

const int NunPart = 400;
P. gl obal Creat e( NunPart);
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Pl C. cpp (7/9)

// Randominitial particle positions, zero velocities.

P.V = Particles t::PointType t(0.0);
srand(12345U);
for (int i =0; i < NunPart; ++i) {
for (int d =0;, d <Dm d++) {
P.R comp(d) (i) = nCells * rand() /
static_cast<Particles t::AxisType_ t>(RAND NAX);

/'l Redistribute particle data based on spatial |ayout
P. swap(P. R);

const double dt = 1.0; // Tinestep
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Pl C. cpp (8/9)

// Begin main tinmestep | oop
for (int tinmestep = 1; tinestep

/] Advance particle positions
PR=PR+ dt * P.V,

[l Apply boundary conditi ons,
P.sync(P.R);

<= 20; tinestep++) {

update particle distribution

[/ Gather E field to particle positions

gather( P.E, E, P.R NGP() );

/] Advance particle velocities
P.V=PV+dt * P.qm* P.E;

Los Alamos National Laboratory
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out <<
out <<
out <<
out <<
out <<

Poona: :
return

Pl C. cpp (9/9)

"PIC tinestep |loop conplete." << std::endl;
B " << std::endl;
"Final particle data:" << std::endl;

"Particle positions: " << P.R << std::endl;
"Particle velocities: " << P.V << std::endl;

finalize();
0;
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POOMA R1 CapabilitiesMissing in 2.1

e Pardld filel/O
o Plan: POOMA 2.2 (Nov.), HDF5-based

® FFT
o Plan: POOMA 2.3

® Cross-box parallelism
o Plan: POOMA 2.3

@ Field/Array iterators
o Plan: external iterators, flattening Engines (flatten ND to 1D view)

@ Parallel random number generators
o Plan: POOMA 2.3

Los Alamos National Laboratory
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POOMA 2.1 Capabilities Not in R1

® Array syntax onlocal patch views of
Array, Fi el d,Dynam cArray

® Easy user-defined boundary conditions

® Automated way to plug “scalar code’ into expressions.
Stencil,FieldStencil,User Functi on

® Dynamic adding of attributesto Part i cl es object

Los Alamos National Laboratory
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POOMA 2.1 Domain Classes

® |nteger-based (discrete array indexing)
o lnterval <2> 1(0, 13, 2, 20)
m[0:13:1, 2:20:1]
o Range<l1> R(0, 10, 2)
m[0:10: 2]
o Loc<3> L(i11, i2, i3)
m(il, 12, 13) scaarindex

@ Floating-point-based (continuous regions)
O Regi on<2> box(0.0, 1.0, 2.0, 4.0)

= ([0.0,1.0], [2.0,4.0])
@/28
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POOMA 2.1 Domain Classes (cont’ d)

® Array syntax

| nterval <1> 1 (0, 13), J(2, 20);

| nterval <2> 12(1, J);

Array<2, ....>A(...), B(...), C...), D...);
A(l,J) += B(I1,J);

C(l12) = B(12) + pow(D(12), 3);

ACL,J) = (A(1+1, J+1) - A(lI-1, J-1))/2;

Loc<2> offsets(1,1);
A(12) = (A(12 + offsets) - A(l2 - offsets))/2;

5@“’
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POOMA 2.1 Mesh Classes

® Logicaly rectilinear
tenplate<int Dim class Coordi nateSystem class T> 7_’

class Uni fornmRectili near Mesh; 0

tenplate<int DDm class Coordi nateSystem class T>

cl ass Rectil i near Mesh; T
0

® Example services (member fcns)
Array<Di m Poi nt Type t, PositionFunctor _t> &vertexPositions()

m Compute-based Engine (no storage)
m Indexable (it'san Ar r ay)
Loc<Di n> &cel | Cont ai ni ng( Poi nt Type_t &pt)

m Findsarray index of cell containing pt
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POOMA 2.1 Coordinate Systems

® Rectilinear
tenpl ate<int D nk class Cartesian;

® Curvilinear (cylindrical)
class Cylindrical;
cl ass Pol ar
cl ass RhoZ;
cl ass Rho;

® Example services.
t enpl at e<cl ass T>
Cylindrical :: Vol une(Regi on<3, T> &region);

t enpl at e<cl ass T>
T Cartesian<Di np:: di stance(const Vector<Dim T> &pt 1,
const Vector<Dim T> &pt 2);
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POOMA 2.1 Geometry Classes

® Only one
O Discrete
O Centering points relative to aMesh

t enpl at e<cl ass Centering, class Mesh>

cl ass Di screteCeonetry;
m Partial speciaizationsfor [ Uni f or n] Recti | i near Mesh

® Example services
PositionArray t &x()
m Compute-based Engine (no storage) for [ Uni f or ml Recti | i near Mesh
m Indexable (it'san Ar r ay)
Domai n_t &physi cal Domai n()

m Array domainfor aFi el d on this geometry
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POOMA 2.1 Centering Classes

® Centerings with respect to logically rectilinear meshes

RectilinearCentering<2, FaceRCTag<0>>

[ A L A . A L [ ] [ J [ ] ®
> -’ -’ L ® ® ¢ ®
@ 4 4 ...4 L 2 ...4 L [ ] [ J [ J ]

Rectil i near Cent eri ng<2, Vect or FaceRCTag<2>>

Los Alamos National Laboratory
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Fi el d Class Services

® Fi el d member functions
O operator () -Indexingwithi nts, | nt erval <>, etc.

O X()-Array of position vectors
m Forwardsto Fi el d: : geonetry(). x()

o al |l () - Array view of total index domain

o tenpl at e<cl ass Cat egory>
addBoundar yCondi ti ons( Cat egory &bc);
- Addto Fi el d’slist of automatic boundary conditions

Los Alamos National Laboratory
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POOMA 2.1 Fi el d Boundary Conditions

@ Canned types

Peri odi cFaceBC

Li near Ext r apol at eFaceBC
Const ant FaceBC<T> , Zer oFaceBC<T>
NegRef | ect FaceBC, PosRefl ect FaceBC

® User-defined: partial specialization of
t enpl at e<cl ass , class Category> class BCond,
o class MyBC : public BCondCat egor y<MyBC;

O Chooseclassfor Subj ect parameter, such asFi el d<>

o class BCond< , MyBC {
Field<...>::Domain_t destDonain[, srcDonain];
voi d appl yBoundaryCondition() {...} ...};

e Componentwise BC (for multicomponent element types)

O tenplate<int Dim class Category>
cl ass Conponent BC,
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POOMA 2.1 Tiny Types

e Multicomponent
Storage type.
POOMA 2.1.
Compile-time sizes only Ful |
| /

\/ 4
tenplate<int Dim class T, class Engi neTag>

cl ass Vector;

Post POOMA 2.1.
Full, Symetric, Antisymmetric, D agonal

l
v

tenplate<int Dy class T, class Engi neTag>
class Tensor;

tenmplate<int D1, int D2, class T, class Engi neTag>
class Tinyhatri x;

Los Alamos National Laboratory
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Fi el dSt enci |

t enpl at e<cl ass Functor> cl ass FieldStencil;

® Functor::operator(iO,i11,...) methods
O scalar code to implement stencil

® FieldStencil <Functor>::operator()(Field<G T, E>&)

ReturnsFi el d<@&2, T2, gpecial compute-based engine>
Inlines into expressions.

® Canned Di v<>(),grad<>(),average<>() functionsuse
D v<>, G ad<>, Aver age<>Fi el dSt enci | s internally.
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Parti cl es Class Services

® Parti cl es member functions

O create(...),destroy(...)

Allocate/delete elementsin Dynam cAr r aysfor al attributes

O tenpl at e<cl ass Subj ect, class (bject, class BClype>
voi d addBoundar yCondi ti ons(Subject &s, (Object &o,
Bctype &b);

Add to list of automatic boundary conditions

O tenpl ate<class T> void swap(T &attrib)

Reassign patch ownership basedonat t ri b values
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POOMA 2.1 Par t 1 cl es Boundary Conditions

@ Really filters: Out-of-range values of one attribute reset
values of another.
O Subj ect =(bj ect = position attribute
® conventional boundary condition.

m Canned BC
Absor bBC<T>, Kil | BC<T>
Peri odi cBC<T>
Ref | ect BC<T>, Rever seBC<T>

® User-defined: partial specialization of
t enpl at e<cl ass , class , class BCType>
class Particl eBGC
O class MyBC : public Particl eBCType<MyBCs;
O Chooseclassfor Subj ect , Obj ect parameters, such asDynam cArray<>

O class ParticleBC< : , MyBC

{
Subj ect t subject _n Object t object m
voi d appl yBoundaryCondition(...);
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Particle-Field Interpolators

@ Canned interpolation schemes

NGP ClC SUDS

® Gather/scatter functions
gat her ( attribute, Field, position attribute, scheme) ;
scat t er ( attribute, Field, position attribute, scheme) ;
gat her Val ue( value, Field, position attribute, scheme) ;
gat her Cache( attribute, Field, position attribute, cache, scheme) ;
gat her Cache( attribute, Field, cache, scheme) ;
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